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AEROLOGICAL OBSERVATIONS 
By EARL C. THOM 

[Aerological Division, D. M. LITTLE in Charge] 

There appear in this issue of the MONTHLY WEATHER 
REVIEW several important changes in and additions to the 
aerological data as presented heretofore. Data obtained 
by airplane flights and those obtained by radiosonde ob- 
servations are presented as formerly in tables 1 and la,  
respectively. 

The table presenting free-air resultant wind data (table 
2) is expanded, data being published for 39 stations instend 
of 26 stations ns previously. Moreover, these resultant 
wind dnta are based on observations made a t  5 p. m. 
(E. S. T.) instead of 5 a. in. Data are shown in table 3 
for any level if 10 observntions or more were recorded at  
that level during the month; data tis published in table 3 
previously were based on 5 or more observations. Table 
3 is further extended to upper levels showing data for the 
snnie levels a s  before and in addition data are shown for 
ench higher even-thousand meter level a t  m-hich 10 or 
more observations were recorded. As an aid in the inter- 
pretation of these data of table 3 the number of observa- 
tions a t  each level for every strition is shown as a small 
figure following the velocity. 

Maximum wind velocities observed in the free air during 
pilot balloon flights are shown in table 3 as has previously 
been done. 

Data setting forth the various heights of the tropopause 
during the month will appear as table 4. These data have 
not previously been shown. 

In  addition to the new and changed tabular material 
there appear in this summary five new charts. Charts 
VI11 to XI show the resultant winds, the isobars and the 
isotherms a t  four upper levels, while chart XI1 presents 
an isentropic surface. 

Table 4 and chart XII, and the discussion relating to 
them, have been prepared by the Air Mass Section of the 
Bureau. 

In general, much more data appear in chart and tabular 
form than have previously been shown. These data are 
described and discussed below in detail. 

The mean free-air pressures for the mont'h as shown in 
tables 1 and l a  and charts VI11 to XI, inclusive, indicate 
that the lowest pressures of the United States occur over 
the Northern Great Lakes; StLult Ste. Marie, Mich., having 
the lowest pressure observed within the United States for 
all levels above the surface up to 8,000 meters. At 10,000 
meters and above, the low pressure area expands westward 
with equally low values recorded over Fargo and Sault Ste. 
Marie. Data are not available for stations in the extreme 
north and northeast except for Newfoundland. Based 
largely on these cl&a and a s  shown by isobars drawn on 
charts VIII, IX, and X, there appears to be still lower 
pressures north of Newfoundland at  levels from the surface 
up to a t  least 4,000 m. (m. s. 1.). At all levels from the 
surface up to and including 5,000 m. pressure was highest 
a t  Pensacola, Fla. 

The pressure gradient increases with altitude for levels 
from 500 to 5,000 meters. The difference in pressure 
between Pensacola and Sault Ste. Marie being 16, 24, and 
29 mb. a t  the 1,000,3,000, and 5,000 m. levels, respectively. 

Mean free-air temperatures ("C.) (tables 1, la,  and 
charts VI11 to XI)  above the surface are well distributed, 
and below 11,000 m. are in general colder with increasing 
latitude. At these levels the coldest upper-air layers were 
noted over northern Minnesota and the upper Great 
Lakes and to the northeastward while the warmest layers 

mere over the Gulf Const and the southern part of the 
United States. Mean free-air temperatures were below 
0" C. over dl  the United States and C;znitda at  and above 
4,000 meters above sea level. As shown by table l a ,  data 
for levels above 5,000 m. are available this month for 6 
stations enst of 100" W. longitude and north of 35" N. 
latitude and'for Oakland, Calif., on the west coast. For 
levels between 11,000 m. and 18,000 m. the coldest layers 
of air are found over Nashville and the warmest over 
Sault Ste. Marie. The lowest mean free-nir temperature 
shown is -72.3" C. (-98.0° F.) at  19,000 m. (62,336 ft. 
or 11.8 miles) above sea level over Nashville. 

h l  ean relative huniiclies are highest in most air layers 
above the surface over northern hlinnesot:t and the North- 
ern Great Lakes. This area of relatively high humidity 
is roughly the same as corresponding areas of low pres- 
sures and low temperatures, especially at  lower and inter- 
mediate levels. There is also an area of higher humidity 
over Utah and Nevada reaching from about the 1,000 m. 
level to the 4,000 ni. level. The lowest relative humidi- 
ties occur in general in coiinection with the regions of 
higher temperature near the Gulf and over Texas and 
southern New Mexico in the lower and intermediate 
levels. The lowest mean relative humidity for the month 
was 27 percent which was recorded a t  5,000 m. above sea 
level over Pensacola. The relative humidity values 
shown in connection with temperatures below -40' C. 
are discarded as inaccurate, this accounts for the absence 
of humidity data for the higher levels in table la .  

Resultant winds, indicating the mass transport of air 
in the free atmosphere, and bnsed on pilot-balloon observa- 
tions made near 5 p. m. (E. S. T.), are shown in table 2. 

These resultant winds, when compared with the 5 a. m. 
(E. S. T.) normal resultants for this month show a distinct 
tendency toward a counterclockwise turning, from the 
normal over the eastern part of the country and the oppo- 
site tendency, a clockwise turning, over the western part 
of the country up to 1,500 meters. At 2,000 meters and 
above corresponding departures were not clearly separated. 
Departures were counterclockwise at  all levels for five 
stations: Chicago, Omaha, Oklahoma City, Nashville and 
Atlanta. A t  only one station, Seattle, Wash., were de- 
partures clockwise a t  all levels. 

The 5 p. ni. resultant winds, as shown by table 2, are in 
general from westerly directions a t  all levels over the 
United States. Exceptions are noted at  La3 Vegns, 
Brownsville, Houston and Miami for the surface level, a t  
Brownsville and Miami for the FjOO m. level, and a t  hliami, 
Las Vegas, and San Diego for the 1,000 m. level. Resultant 
winds are westerly a t  all higher levels without exception. 

With but very few exceptions the resultant velocity 
increcsed with elevation at  all stations during the month. 
It is also noted that the resultant velocity wws consider- 
ably above the 5 a. m. normnl over most of the area. 
The resultant velocity was above normal at  all levels, 
including surface, a t  eight widely scattered stations: 
Albuquerque, Cincinnati, Nashville, Oakland, Oklahoma 
City, St. Louis, Seattle, and Spokane. Resultant veloci- 
ties were well below normal for all levels at  Fargo, for all 
except lowest levels at Sault Ste. Marie, and for the inter- 
mediate levels at  Omaha and Cheyenne. The maximum 
resultant velocity for the month, 27.3 meters per second 
(60.8 miles per hour) was recorded a t  the 6,000 m. level 
a t  Greensboro, N. C. 
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Table 3 shows the ma.ximum free-air velbcities which 

were recorded during the month in each of the three 
atmospheric layers, surface to 2,500 ni., 3,500 m. to 
5,000 in. and above 5,000 m. The maximum free-air 
velocity which was recorded during the month for the low- 
est of these t h e e  layers WHS 47.8 meters per second (106.9 
miles per hour) reported on January 25 at 900 meters 
above sea level over Albany, N. Y. The corresponding 
maximum for the 2,500 to 5,000 m. layer was 63.4 meters 
per second (141.8 miles per hour) reported January 26 
a t  4,320 meters above sea level over Greensboro, N. C.; 
while the maximum for over 5,000 meters elevation was 
95.5 meters per second (213.6 niiles per hour) at 8,440 
meters (5.2 miles) above sea level over Albuquerque on 
January 14. 

This Albuquerque maximum establishes a new record 
for free-air velocities surpassing the previous record of 
90 meters per second reported November 14, 1938, n t  
Winslow, Ariz. The Albuquerque balloon flight, of 
January 14 was observed with a single theodolite and was 
made with a large 100-gram balloon. Careful esamha- 
tion of the data of the particular flight as well as the evi- 
dence of balloon flights a t  other nearby stations that day 
indicate that the 95.5 meters per second velocity, while 
a very large value, can probably be accepted as correct. 
One reason for believing this a true velocity, and not a 
result of a slowly leaking balloon, is that above the 
8,440 m. level the velocity decreased regularly at  higher 
levels until at  the maximum, 10,124 meters (6.3 miles), the 
velocity was only 25 m. per second (55.9 miles per hour). 

In connection with the maximum velocities for the 
month, it is interesting to note that. the mean of the 
maximum veIocities for the lowest layer over the nine 
sections of the country is 41.4 meters per second (92.6 
mi./hr.), the corresponding mean for the 2,500 to 5,000 m. 
layer is 52.3 meters per second (117 mi./hr.) and the mean 
for above 5,000 meters is 65.5 meters per second (146.5 
miles per hour). Above 5,000 m. one maximum wind 
was reported from a direction south of west, one from the 
west, the seven others were all from direction to the north 
of west. 

Chart VI11 shows the 5 a. m. (E. S. T.) resultant winds 
for the 1,500 m. level. Isotherms are also drawii for this 
level. To ermit the use of the 5,000 ft. pressures arail- 

drawn on this chart for the 1,524 meter (5,000 ft.) level. 
Chart IX shows data for the 3,000 m. level correspond- 

ing to that given on chart VIII. 
Charts X and XI show corresponding data for the 

4,000 and 5,000 m. levels, respectively, except that tile 
resultant wind data is based on observations made a t  
5 p. m. (E. S. T.). 

The decision to use the 5 p. m. Observations for result- 
ant wind data for the two upper levels, as shown on 
charts X and XI, was prompted by the fact that in the 
Bureau, records for most stations show that a considerably 
greater number of observations reach these levels a t  that 
time of day than n t  5 a. m. Furthermore, it  is believed 
that the diurnal variation of winds, a t  these levels, is on 
the average, sufficiently small to justify the use of the 
greater number of observations although made some 13 
hours later than the temperature and pressure observations 
with which they are charted. 

Dnta shown on charts VI11 to SI for stations within 
the United States and Canada are based on observations 
a t  5 a. m. and 5 p. m. (E. S. T.) as shown above. The 
resultant winds shown on these charts for St.  Julian, 
Cuba, are based on 7:30 a. m. (E. S. T.) and those for 
Antan, Cuba, on 6:30 a. In. (E. S. T.). Corresponding 

able for a P arge number of western stations, isobars are 

data for Mazatlan. Mexico, are based on observations at  
1 1  a. m. (E. S. T.) ;  t8hose for Herniosillo, Mexico, on 
9 a. m. (E. S. T.);  the 1,500 and 3,000 m. resultants for 
Tampico, Mexico, are based on 8 a. m. (E. S. T.) observa- 
tions and those for t,he two higher levels for the same 
city on 2 p. ni. (E. S. T.) Observations. The resultant 
winds showii on these charts for Bermuda are based on 
pilot-balloon observations taken between the hours of 
6:30 and 9:30 a. m. (E. S. T.). 

TROPOPAUSE DATA 

Table 4 is a summary of tropopause heights and tem- 
peratures for January 1939 prepared by the Air Mass 
Section of the Weather Bureau, and based on radiosonde 
observations. I n  summarizing these data, instead of 
designating a single tropopause for each sounding deter- 
mined by t8he esist,ence, of a discontinuous change of 
temperature lapse rate, equal to or grea.ter than some 
nrbitrarily prescribed value, the idea of a “multiple 
tropopause” as suggested by J. Bjerknes and Palm6n ha.s 
been followed. These a.ut,liors found that if an arbitrary 
rule is followed in which the tropopause is defined as the 
level where the temperature gradient definit,ely sinks below 
a certain limit, for instance 2’ C. per 1,000 dynamic 
meters, the tropopsuse would change in certain cases 
from hour to hour a t  a given st,ation due to a point as 
much as 1,000 meters higher or lower changing its tem- 
perature by 1’ or 2’. When n network of stations is 
conside.red, the difficulty becomes even greater. A tropo- 
pause found a t  one station would, according to the usual 
method of identification of significant p0int.s in a station 
network by potential temperature, correspond a t  another 
station to some temperature inversion rather low in the 
troposphere or perha.ps some minor discontinuity high in 
the stratosphere. Bjerknes and Palmen showed that in 
some individual soundings n single, well-defined tropo- 
pause is evident, but in many cases several significant 
points can be designated as tropopauses. At a given time 
each of several significant tropopause points a t  one station 
usun.lly is associated with corresponding significant points 
a t  ot>her st,at.ions, but the particular point most likely to 
be designated as the tropopnuse from the usual arbitrary 
rules a t  one stat,ion nmy not correspond with the significant 
point similarly select,ed for 6he tropopause a t  m y  other 
phce. Consequently, i t  is advisable to consider each 
significant point, a t  least within certain limits, as repre- 
senting a possible tropopsuse. Bjerlmes and Palmen sug- 
gested that these “mnltiple tropopauses” be classified 
according t,o pot,ent,ia.l tempernture, as that is the principle 
element used in identifying significant points. 

In table 4 the multiple tropopauses are classified accord- 
ing to IO-degree rangesof pote!itinl t,emperat,urefrom 390’8 
to 399’ A. All significa.nt points in this interval of poten- 
t,ial temperature showing a decrease of lapse rate were 
tabulated from the daily ascents at  each station. Points 
a.t which the ten:peratures were higher than -25’ C. 
were not considered. The mean altitude and mean 
teinpe.rature or* points occurring in eac.11 10’ inte.rva1 of 
potential temperature have hem entered in the second 
a.nd third columns for each stat,ion in the table and the 
number of cases in the first colunm. The weighted mean 
altit,ude and t,emperat.ure for all cases over t,he entire 110’ 
interval a.ppenrs at  the hott’om, and finally the weighted 
mean potential temperature for all  cases at each stmation 
is given. In  spite of the rather mbitmry limits (tempera- 
tures lower than -35’ C. and potentid temperatures 

1 Bjcrknes, J., snd PolmBn. E.: Investieations of selected Euroreen cyclones by mean8 
of s3risl ascents, Norske Videnskaps-Aliademi. Oeofysiske Publikasjoner, Vol. 12. No. 2. 
1837. 
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Fargo. N. Dak. Nashville, Tenn. Oakland, Calif. Oklahoma City, Omaha, Nebr. Sault Ste. Marie, 
(2 m.) Okla. (391 m.) Mich. (221 m.) (300 m.) (180 m.) (274 m.) 

from 290' to 3 9 9 O )  the summarized result gives reasonable 
values. 

Appmently this is the first time that mean tropopause 
data have been summarized in this form. I t  is possible 
that with more experience in this procedure it will be 
necessary to make minor changes. 

M E A N  I S E N T R O P I C  C H A R T  

Chart XI1 represents a mean isentropic chart for the 
month of Jaauary 1939, using a potential temperature 
of 295' A. 

The chart has been constructed in ac.cordance with 
methods used in the Air Mass Section of the Weather 
Bureau, and described in a circular letter of September 
29, 1938. The data used are the mean free-air data 
from APOB, RAOB, and pilot-balloon stations published 
elsewhere in this issue of the REVIEW. It was necessary 

Washington, D. 0.1 
(13 m.) 

to use a few resultant winds from the 5 p. m. observations, 
and these are designated by the letters (P. M.) printed 
near them. At stations where the height of the isentropic 
surface is only rou'ghly estimated, because of i n sac i en t  
data, the winds are plotted at  the altitude indicated. 

It is realized that n.ir flow is not even approximately 
isentropic over a period of a whole month, but presumably 
a mean isentropic chart will give a better indication of the 
sources and mean tra'ectories of moist and dry air than 

A study of mean isentropic charts indicates that pre- 
cipitation areas are correlated with the position of moist 
and dry tongues. In  the winter months the greatest 
areas of positive departure in precipitation are found to 
lie to the north of the moist tongues, where the upflow is 
most pronounced, whereas in the summer time they lie 
farther within the moist areas. 

would a constant leve 1 chart. 

(meters) 
m.s.1. 

TABLE l.-AIean free-air barometric pressures (P)  i n  mb, temperatures (T)  in  O C ,  and relative humidities (R  H) in  percent obtained by airplanes 
during January 1959 

N~~ Num- Num- Num- Num- Num- Num- 
her of ber of ber of ber of her of bar of ber or 

P. T. H. T* a. sar- T. H. ser- T. H. sar- T. H. ser- H. ser- 
va- va- va- va- va- va- va- 

tions tions tions Cion8 tions tions tlons 

R. Ob- p. R. Ob- p. R. Ob- p. R. Ob- p. R. Ob- p. T. R. Ob- p. T. g: 
. . . . . . . . . . . . . . . . . . . . . .  -- -__--- 

Altitude (meters) m. s. 1. 1 

S M W  _ _ _ _ _ _ _ _ _ _  
500 _ _ _ _ _ _ _ _ _ _ _ _ _ _  
1,000 .______ ~ _ _ _ _ _  
1,5W _____._______ 

2,600 _ _ _ _ _ _ _ _ _ _ _ _ _  
3,000 _ _ _ _ _ _ _ _ _ _ _ _ _  
4,000 _ _ _ _ _ _ _ _ _ _ _ _ _  
6,000 _ _ _ _ _ _ _ _ _ _ _ _ _  
6.000 _ _ _ _ _ _ _ _ _ _ _ _ _  
7,000 _ _ _ _ _ _ _ _ _ _ _ _ _  
8,000 _ _ _ _ _ _ _ _ _ _ _ _  
9.000 .____________ 
10,000 _._____--__- 
11,ooO _ _ _ _ _ _ _ _ _ _ _ _  
12,000 _ _ _ _ _ _ _ _ _ _ _ _  
13.000 _ _ _ _ _ _ _ _ _ _ _ _  
14.000 _ _ _ _ _ _ _ _ _ _ _ _  
15,000 .___________ 
16,lMOo0. _ _ _ _ _ _ _ _ _ _ _  
17.000 ______.____. 
18,000. 
19,ooO __________._ 

2,000 _.___________ 

Billings Mont. (1 090 m.)--- 
Cbeyenbc. Wyo. (1,873 m.).- 
Chimgo 111. (187 m.) _ _ _ _ _ _ _ _  
Coco soh C. 2.1 (15 m.) _ _ _ _  
El Paso, +ex. (1,193m.) _ _ _ _ _  
Lakehurst N. J.1 (39 m.) _ _ _ _  
Norfolk d . 1  (10 m.) _______. 
Pearl H'arbor T. H.l (6 m.). 
Pensamla, Fia.1 (13m.) _ _ _ _ _  
St. Thomss V 1.1 (8m.) _ _ _ _  
Salt LRke dit+, Utah (1,288 

31 981 -12.9 92 
31 953 -10.6 91 
31 893 -7.4 85 
31 637 -6.9 80 

30 736 -11.0 74 
a0 889 -13.8 72 
30 603 -19.6 70 
30 526 -25.6 66 
29 458 -33.0 64 
29 398 -40.5 63 
28 341 -47.4 - -__ 
27 292 -52.2 - -__ 
27 250 -54.9 ---- 
27 214 -55.0 _ _ _ _  
27 18.3 -55.2 _--- 
25 156 -56.2 _ _ _ _  
21 134 -56.9 _ _ _ _  
16 114 -58.7 _ _ _ _  
12 9 i  -60.5 _ _ _ _  
8 83 -61.1 - -__ 

31 785 - - ~ . 6  77 

------ _-_-- ------ ---- _ _ _ _ _ _  _ - - -_  - - - -_-  .-__ 

29 993 -1.7 
31 1,011 25.3 
31 883 2.7 
22 1.015 -0.6 
19 1,020 4.2 
31 1,016 20.9 
25 1.021 9.8 
16 1,018 23.9 

m.) .________..._.__.._.____ 31 873 -1.7 
San Dle o Calif I (10 m )---- 29 1,017 8.3 
&'cattle kash.1 (10 m.): _ _ _ _ _  
Ppohie ,  Wash. (597m.) _.__ 1 a0 10/1,0171 €47 6.d 

844 1.4 52 793 
-.-._____.__.. 794 
841 -3.6 70 790 
852 16.4 7'9 502 w1 6.6 45 800 
845 -2.6 61 792 
840 2.3 61 798 
854 15.4 70 805 
E54 7.8 64 804 
857 14.8 83 808 

-1.8 
-1. 2 
-5.7 
14.2 
4.4 

-4.1 
0.3 

14.2 
6.3 

12.2 

51 
55 
69 
70 
41 
55 
58 
52 
51 
74 

71 
55 
75 
70 - 

850 13511 -0.5 6.81 611~00/ i 5  799 -2.2 4.71 

846 -1.6 77 795 -4.5 
84G -1.4 71 794 -4.1 

53 698 -8.4 
52 700 -6.3 
68 694 -10.3 
48 712 11.4 
40 706 -1.0 
52 697 -9.1 
54 703 -4 .5  
43 714 9.9 
42 710 2.6 
57 716 8.6 

71 704  -7.3 
52 706 -0.6 
68 698 -10.4 
74 695 -10.1 

544 -5.2 55 613 -14.6 
746 -3.1 52 615 -12.9 
741 -7.9 64 609 -15.5 
75G 13.2 35 631 6.6 
752 1.8 39 622 -6.8 

52 611 -15.3 743 -G.8 
750 -2.1 48 619 -9.8 
758 12.3 33 632 5.4 
755 4.b 33 626 -3.3 
761 10.6 45 634 4.6 

7M -4.4 70 618 -129 
752 2.1 49 023 -6.6 
745 -7.3 67 612 -17.6 
745 -7.1 75 613 -15.5 

-1-1-1- 
52 591 5361-21.01 539 -19.6 48 60 

58 533 -21.3 58 
35 558 0.4 22 
38 546 -14.0 38 

31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
30 
30 
30 
?9 
27 
26 
23 
21 
19 
17 
9 
fl - 

Observations taken about 4 a. m.. 75th meridian time, exmot by Navy stations along the Paciflc coast and Hawaii where they are taken at  dawn. 
1 Navy. 
Nom.-None of the means included in thla table are based on less than 15 surface or 6 standard-level observatlons. 
N u m k  of observations refers to preasure only 8s temporature and humidity data are missing for some observations at  certain levels slso the humidlty data Is not osed h dally 

observations when the temperature is below -40° C .  



JAIWJAEY 1939 MONTHLY WEATHER REVIEW 

TABLID 2.-Free-air resitltant winds based on pilotballoon observations made near 6 p .  m. (E. 8. T.) during January 1939 
[Directions glren in degrees from North (N=36V, E-90°, S=150°, W=270°)-Velocities In meters per second (Superior Figures IndicP.te Number of Observations] 

25 

Altitude 
(meters) 
m. s. 1. 

Altitude 
(meters) 
m. 3. 1. 
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TABLE 3.-Mazimum free-air wind velocities ( M .  P. S.), for diflerent sections of the United Stales based on pilot balloon observations during 
January 1939 

R 
Y 
0 

.1, 

.- - 
' 

.-. i 

Surface to 2,500 meters (m. s. 1.) 11 Between 2,500 and 5.0W meters (m. s. I.) 

Direction 

Above 5,000 meters (m. s. 1.) 

17.8 
43.4 
42.0 
39.0 
50.3 
37.7 
40.2 
29.4 
43.0 

- 

m 
Y 

a* - 
25 
31 

1 
9 

31 
2 

19 
28 

30 

- 

WNW--..  
NU'.______ 
sw _ _ _ _ _ _ _  
WNIV--.. 
S W  ___._.. 
S W  __.____ w ___-_.__. w ___...___ 
UT _____..__ 

- 

h 

0 

c 

c 
0 
." 
.-+ 

3 
.! : - 

i3. : 
i4. C 
I1.C 
'3. E 
is. 0 
i5. 2 
'2. 0 
'7. 5 
6. 5 

- 

Albany, N. Y--- _ _ _ _  
Washington, D. C. 
Jacksonville, Fla .... 
Bismark, N.  Dak. _ _  
Wichita. hans. _..__ 
Amarillo, Tex ._____. 
H3vrc. hfont ......-. 
Cheyenne, Wyo _.__. 
El Payo, Tex ______.. 

51.2 
63.4 
47.6 
49.6 
50.0 
45., 
YJ 5 
54.0 
56.0 

Potential tempera- 
tures O.4. 

- 
Nr,m. 
brr nf 
cases 

h 

0 

P 

c .- 
.-+ 

Station 3 a 
2 

.- 
Y 

Section 
Station Direction Ststlon 

m 
Y 

4 
Northeast 1 _ _ _ _ _ _ _ _ _  
East-Central a - - - - -  
Southeast * .________ 
North-Central 4 - - - -  
Central 8 ________.__ 
Snuth-Central6..-- 

Pittsburgh, Pa.. ___. 
Oteensboro. N. C-.. 
Iacksonville. Fla.-.. 
Fargo, N. 1)ak .____. 
Qmaha. Nebr -..-.-. 
hhilene, TPY ..__.__. 
Medforil. Oreg ... -. 
Rock Springs. Wyo. 
h lbuquerque ,  N. 

Mex. 

12 
8 
8 

36 
19 

Albany, N.  T. 
Kashville Tenn. 
Charlestoh S. C. 
Huron, S. bak .  
Wichita, Eans. 
Del Rio, Tex. 
Billings, hIont. 
Redding, Calif. 
A l b u q u e r q u e ,  

N. M e x .  

30 
14 
3 
14 

-. 
Northwest 1 __._..__ 
West-Central E.-.-- 
Southwest s _ _ _ _ _ _ _ _  

I Maine, Vermont, New Hampshire. Xlawwhusetts. Rhode Island. Connectirut. New Pork. New Jersey, Pennsylvania. and northern Ohio. 
3 Delaware, Maryland, Virginia. West Virginia. southern Ohio. Kentucky, eastern Tennessee, and North Caroline. 
2 Smith Cnmlina. Genreis. Florida. and Alnhnma. 
4 Michigan;-~Visconsin~~iinnes, i tR.  k&h Dakota. and South Dskota. 
I Indiana, Illinoie. Iowa, Nebr%ka, Kanzs,  and Missouri. * Mississippi, Arkanpas. Louisimn, Oklahomn, Texas (exrept El Paso), and western Tennessee. 
7 Montana Idaho Washington. and Oregon. 
8 Wyomini. Colo;ado, Utah, northern Nevada. and northern California. * Southern Callfornia, southern Nevada, Arizona, New Mexico, and extreme west Texas. 

TABLE 4.-Mean altitudes and temperatures of significant points identifiable as tropopauses during January 1999, classified according to the 
(Based on radiosonde observations.) All potential temperatures (10-degree intervals between 290 and 399' A.) with which they are identified. 

actual temperatures are in  degrees centigrade below zero 

I Fargo, N. Dak. Oakland, Cnlif. OklahnmaCity, Okla Omaha, Nehr. Saiilt Ste. hrarie, 
Mich. Washington. D. C. Nashville, Tenn. 

- 
Mean 
tem- 
pera- 
turc 
- 
._.-_ 
39.5 
38.2 
47. 2 
61.3 
57.9 
87.0 
67.0 
67.7 
73.3 
75.0 
57.8 
- 

- 
Mean 
tem- 
pera- 
tiire 

- 
Mean 
tem- 
pern- 
trirc 

- 
hleai 
tem- 
pero- 
trire 
- 

47.3 
48.9 
54. 6 
53.7 
613. 5 
54. 7 
56. 7 
53. 5 
52. 2 
51.0 
50.0 
52. 1 - 

- 
Near 
alti- 
tude 

- 
7.0 
7.9 
9.1 
9.9 

11.4 
11.0 

12.4 
12. i 
13. 1 
13. 5 
9. 4 

E. n 

- 

&?Pan 
alti- 
tude 

Num. 
ber of 
cases 

Mean 
alti- 
tude 

- 
_.._. 

7.3 
7.8 
9.5 

11.7 
11. 8 
13.7 
14.2 
15.0 
15.9 
16.8 
11. 7 

vum- Menn F:F 
ber of 1 alti- 1 
CBSCS tllrlC yze- 

Nu m 
twr I D  

cases 

- 
12 
19 
17 
10 
4 
4 
3 
4 
5 
1 
1 

Num- 
hrr of 
cases 

icean 
alti- 
tude 

-1-1- -1-1- 
6.5 
8.4 
9.5 
9.9 

10.3 

13. 0 
12.2 

-___.. 

-._._. 

_ _ - - _ _  
42.6 
46.8 
53. 5 
57.5 
60.3 

-___.. _ _ _ _ _ _  

41.0 
36.5 
47. 0 
56. 4 
57. 1 
60. 1 

73.0 
59. 0 
59.0 
63.3 

55. n 

50.0 
53.2 
57.2 
54.4 
53.3 

58.0 
55.0 

4 7.3 48. 2 
10 7.9 48.6 
19 9.4 -54.8 
16 10.4 55.9 
I! 11.4 60.3 
4 12.2 58.0 
2 12.2 
3 13.0 55.d 
6 14.2 61.3 
2 14.9 65.5 
4 14.8 5 i . O  

53 0 

1 6.6 

4 8. 6 
16 10.7 
12 11.3 
9 12.3 
4 12.3 
1 15.1 
7 14.0 
2 14.4 
2 15.9 

2 7. 0 
.____. 

7.4 
8. 8 

10.0 
11. 2 
12.2 

2 
4 

15 
18 
10 : 
i 
3 
2 

10 

62. 1 
3 51.3 

_.__.. 
64.0 
51. 4 
- 

15. 6 
10. 1 
- 

9.4 
- 
317.4 

54.8 
- 

____._ I 1 0 . 6 (  55.7 

322.5 327.2 341.7 339.1 


